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HIGH  "G"  TELEMETRY  FOR  BALLISTIC  RANGE  INSTRUMENTATION 

ABSTRACT 

The  development  of  a  radio  frequency  telemeter  capable  of  being  launched 
from  hypervelocity  guns  at  accelerations  up  to  250,000  "g"  and  subsequently 
measuring  such  parameters  as  heat  transfer,  damping  coefficients,  infra¬ 
red  radiation,  etc.,  is  described.  The  need  for  such  a  telemeter  is 
discussed  and  its  feasibility  is  demonstrated.  The  results  of  component 
testing,  circuit  design  and  prototype  firings  are  presented. 
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INTRODUCTION 


In  the  past  several  decades,  the  ballistic  range  has  become  a  promi¬ 
nent  tool  In  aerodynamics  and  aerospace  physics  research.  The  aeroballistic 
range  consists  essentially  of  a  launching  device,  usually  a  gun  or  a  gun 
system,  and  an  Instrumented  flight  path  through  a  chamber  in  vhich  the 
pressure  and  temperature  of  the  environmental  gases  can  be  controlled.  A 
pressure-temperature  controlled  range  can  be  used  to  simulate  upper  atmosphere 
conditions  or  to  produce  an  environment  with  gases  other  than  air.  The 

Ballistic  Research  Laboratories  have  several  such  ranges  which  have  been 
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described  In  detail  by  Braun  and  Rogers  .  Conventional,  single-stage, 
propellant  guns,  as  well  as  multi-stage,  light  gas  guns  are  available. 

The  customary  Instrumentation  for  these  free  flight  ranges  consists  of 
spark  shadowgraph  stations,  photocell  triggering  and  velocity  measurement 
apparatus,  high  speed  framing  and  smear  cameras,  schlleren  stations  and 
optical  Interferometry.  With  such  Instrumentation,  one  can  make  accurate 
measurements  of  drag,  aerodynamic  forces  and  moments,  electron  densities 
and  shock  wave  parameters.  These  instruments  will  not,  however,  give 
direct  measurements  of  such  dynamic  variables  as  stagnation  temperature, 
energy  transfer  and  damping  coefficients,  and  other  physical  quantities 
associated  with  flight  at  high  velocities.  Some  years  ago.  It  was  realized 
that  an  active  and  direct  in-flight  measuring  apparatus  would  be  valuable 
and  In  some  cases  the  only  technique  for  obtaining  data  from  a  high  velocity 
model  moving  through  a  controlled  range.  It  was  seen  that  an  active  radio 
telemeter  would  fill  these  requirements.  Radio  telemetry  has  been  widely 
used  In  Industrial  processes  and  In  rocket  and  missile  control  systems. 

But,  radio  telemetry  in  such  applications  has  been  used  In  what  might  be 
called  a  relatively  mild  test,  one  certainly  not  Involving  the  severe  shocks 
and  accelerations  experienced  In  gun  launchings.  Therefore,  the  question  of 
whether  electronic  circuits  can  survive  gun  launchings  and  continue  to 
function  thereafter  was  the  most  serious  and  Immediate  problem.  World  War  II 
experience  with  VT  fuzes  gave  some  confidence  that  a  10,000  "g"  •  5  millisecond 
launch  impulse  could  readily  be  survived.  Advances  in  solid  state  technology 
gave  rise  to  the  hope  that  a  100,000  "g"  -  3  millisecond  impulse  could  also 
be  weathered.  Later  experience  showed  that  with  proper  packaging  a  230,000 
"g"  -  3  millisecond  Impulse  was  not  even  an  upper  limit. 
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A  contract  was  let  with  the  Harry  Diamond  Laboratories  (then  called  the 
Diamond  Ordnance  Fuze  Laboratories)  to  develop  such  a  high  "g"  telemeter. 

At  the  same  time,  similar  programs  were  in  progress  at  the  Canadian  Armament 
Research  and  Development  Establishment  (CAHDE)  under  Bull  and  at  the 
Arnold  Engineering  and  Development  Center  (AEDC)  under  Kingery^  and  others. 
(A  bibliography  of  work  done  in  the  field  of  high  "g"  radio  telemetry  has 
been  compiled  by  Clemens^,)  At  the  outset  of  the  BRL-HDL  program,  little 
was  known  about  the  effects  of  extremely  high  accelerations  on  electronic 
components,  sensors,  circuits  and  potting  materials.  First,  components  were 
evaluated  both  by  theoretical  studies  and  by  test  firings  from  guns.  The 
results  of  this  program  have  been  reported  in  part^.  After  a  number  of 
suitable  components  and  materials  were  found,  entire  circuits  and  modules 
were  developed  and  tested  in  guns.  Finally,  after  some  years  of  effort, 
complete  telemetering  systems  were  constructed  and  flown.  A  substantial 
number  of  these  systems  were  tested  during  the  past  two  years  while  constant 
improvements  and  refinements  were  being  made.  At  present,  the  initial 
development  program  is  considered  at  an  end.  Work  progresses  on  sensor 
development,  improved  accuracy,  multiple  channel  operation  and  increased 
power. 


DISCUSSION  OF  THE  PROBLEM 

The  first  step  in  the  development  of  the  high  "g"  telemeter  was  to 
determine  which  dynamic  variables  could  be  measured  by  an  active  radio 
telemeter.  It  was  thought  that  a  temperature  measurement  would  be  the  most 
straight-forward  and  simple  to  verify.  Base  pressure  measurements  in  the 
region  behind  the  projectile  were  also  considered  but  reliable  sensors  were 
not  immediately  available.  The  measurement  of  accelerations  normal  to  the 
flight  axis  was  quite  attractive  but  required  the  building  of  a  rugged 
solid  state  accelerometer.  Infra-red  radiation  measurements  were  considered 
a  possibility,  but  were  dependent  on  the  durability  of  devices  such  as 
lead  sulfide  cells.  So  the  development  proceeded  initially  in  the  direction 
of  temperature  telemeters. 

Guns  which  are  available  as  test  launchers  vary  in  size  from  20  to  105mm 
and  are  capable  of  producing  velocities  up  to  20,000  fps  with  vehicles 
weighing  from  5  bo  500  grams.  Some  of  these  guns,  such  as  the  J'7mm,  the 
90mm  T208,  and  the  105mm  T210,  were  conventional  propellant  guns.  Others, 
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such  as  the  20mm,  the  0.50  caliber,  and  the  240-176- 76mm,  were  light-gas 
guns.  The  105mm  gun  has  a  maximum  operating  breech  pressure  of  60,000  psi 
and  for  a  total  sabot-projectile  weight  of  four  pounds,  accelerations  up  to 
200,000  "g"  for  four  milliseconds  could  be  expected  in  the  barrel. 

It  was  apparent  that  only  solid  state  electronic  devices  would  survive 
the  200,000  "g"  environment  and  that  they  would  have  to  be  potted  internally. 
Capacitors  and  resistors  would  have  to  be  of  monolithic  construction  and  as 
small  as  possible.  Batteries  for  the  power  supply  would  have  to  be  solid 
core  cells.  The  entire  finished  circuit  would  require  potting  and  the  final 
projectile  would  have  to  be  a  solid  mass  of  nearly  uniform  density  -  including 
the  circuit  elements.  To  minimize  the  chance  of  failure,  initial  circuits 
would  be  made  very  simple  and  would  probably  not  be  of  optimum  design. 

The  transmitted  power  had  to  be  great  enough  to  enable  transmission  over  a 
range  of  250  ft. ,  since,  for  horizontal  firings  through  the  range,  antennas 
could  be  placed  along  the  flight  path. 

Sensors  would  be  designed  on  the  basis  of  ruggedness  and  simplicity. 

Thus,  for  example,  mechanical  accelerometers  were  not  considered.  Surface 
temperature  sensors  would  be  thin-film,  resistance  elements.  Piezoelectric 
crystals  would  be  used  for  accelerometers.  Variable  capacitance  gages 
might  be  useful  for  pressure  measurements . 

Finally,  the  ground  receiving  station  had  to  be  implemented.  Dipoles  or 
long  wire  transmission  lines  were  considered  for  antennas.  The  possibility 
of  using  the  range  chamber  itself  as  an  antenna  was  studied.  In  order  to 
avoid  the  problems  associated  with  amplitude  error  in  an  AM  telemetering 
system,  the  telemeter  would  be  operated  in  FM  and,  therefore,  FM  receivers 
would  have  to  be  coupled  to  the  antennas.  Wideband  receivers  were  suggested 
since  there  would  probabily  be  unpredictable  shifts  in  carrier  frequency 
due  to  the  high  accelerations  at  launch.  The  signals  received  by  the  FM 
receivers  would  be  recorded  and  magnetic  tape  was  thought  to  be  most  suitable 
for  the  task.  The  tape  would  be  played  back  into  an  oscillograph  recorder 
for  a  graphic  record  of  the  data.  This  record  could  then  be  further 
reduced  by  an  optical  comparator  or  a  telereader.  Or,  the  data  could  be  fed 
from  the  recording  tape  directly  into  a  subcarrier  discriminator  for  direct 
analog  output  of  data. 
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MECHANICAL  TECHNIQUE 


A  variety  of  components  such  as  transistors,  capacitors,  resistors  and 

batteries  was  obtained  after  careful  evaluation  for  inherent  ruggedness  of 

design.  These  components  were  encapsulated  in  cylindrical  proof  slugs  made 

of  aluminum  and  fired  at  both  the  ERL  Transonic  Range  and  the  HDL  Range. 

Early  firings  at  Transonic  Range  were  done  with  a  37mm  gun,  and  the  slugs 

were  recovered  in  a  cylindrical  tank  filled  with  polystyrene  beads.  At 

HDL,  the  potted  slugs  were  launched  frcm  an  air  gun  and  allowed  to  impact  on 

a  steel  plate.  The  impact  gave  a  high  "gtt  pulse  whose  amplitude  depended 

on  impact  velocity  and  the  shape  of  the  slug.  The  pulse  duration  was  short, 

of  the  order  of  less  than  one  millisecond.  Since  air  gun  tests  could  not 

provide  a  200,000  "g"  pulse,  they  were  eventually  discontinued.  The  results 

T  0 

of  similar  tests  done  at  AEDC  and  at  CARDE  were  taken  into  consideration 
in  the  selection  of  components  suitable  for  high  ng"  work. 

Transistors  were  tested  in  the  above  fashion  both  with  and  without 
internal  potting.  It  was  found  that  most  transistors  required  internal 
potting  in  order  to  survive  more  than  40,000  "g".  For  a  long  time  internal 
potting  of  transistors  was  an  arduous  task  and  the  yield  of  good  potted 
transistors  was  low.  This  was  due  in  great  part  to  the  degradation  that 
occurred  as  soon  as  the  transistor  protective  casing  was  removed.  A  technique 
for  rapidly  coating  the  transistor  Junction  was  developed  to  inhibit 
degradation.  A  coating  compound  consisting  of  a  mixture  of  Dow  Coming 
Sylgard  8l  dissolved  in  triple- distilled  chloroform  was  applied  to  the 
transistor  Junction  as  soon  as  the  casing  had  been  broached.  The  mixture 
was  injected  by  means  of  a  hypodermic  syringe  into  the  first  possible 
opening  made.  The  rest  of  the  casing  could  then  be  opened  at  leisure.  As 
soon  as  the  top  of  the  casing  had  been  lifted  off,  more  of  the  Sylgard- 
chloroform  solution  was  added.  The  excess  was  shaken  off  and  the  solution 
left  on  the  Junction  quickly  evaporated,  leaving  behind  a  thin  coating  of 
Sylgard  on  the  Junction.  Now  the  transistor  was  ready  for  further  potting. 
First  attempts  at  filling  the  case  with  a  hard  epoxy  such  as  Epon  815  showed 
that  shrinkage  occurred  during  the  curing  process.  This  shrinkage  created 
voids  and  pookets  between  the  potting  material  and  the  side  walls  of  the 
case.  In  addition,  internal  stresses  were  built  up  in  the  potting  compound 
which  would  often  ruin  the  transistor.  This  difficulty  was  substantially 
relieved  by  combining  an  inert  filler  such  as  powdered  silica  in  a  one- to-  one 
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ratio  with  the  epoxy  resin.  Whereas  previously  there  had  been  a  failure 
rate,  due  to  stresses,  of  about  six  in  ten  transistors  potted,  now  the 
failure  rate  dropped  to  one  in  ten.  The  curing  agent  for  Epon  815  is  SETA 
(di-ethylenetr lamina)  and  is  used  in  proportions  of  ten  parts  per  hundred 
of  resin.  25502  transistors  potted  by  this  technique  showed  remarkable 
insensitivity  to  high  accelerations  and  had  a  shelf  life  of  more  than  one 
year. 

Cnee  transistors  had  been  potted  and  suitable  passive  elements  had  been 
selected,  entire  circuits  such  as  oscillators  and  amplifiers  were  constructed. 

At  first,  printed  circuits  were  tried  but  were  found  to  fail  under  high 

* 

accelerations.  In  the  final  design,  components  were  aligned  on  fiberglass 
boards  in  such  a  way  as  to  economize  on  space,  reduce  lead  lengths  and  put 
least  sensitive  axes  along  the  direction  of  maximum  acceleration.  Welding  of 
electrical  connections  was  attempted  but  the  results  were  not  as  good  as 
with  simple  solder  joints.  (Either  the  welding  process  produced  a  greater 
number  of  poor  connections  than  did  soldering,  or  the  welded  connections 
themselves  do  not  make  good  high  "g"  Joints.)  The  most  satisfactory  wiring 
technique  was  a  straight  point-to-point  one  using  no  Insulation.  It  was 
felt  that  insulation  tended  to  permit  some  freedom  of  motion  for  the  lead 
wires  which  might  cause  a  break  during  the  high  acceleration. 

Wherever  long  leads  could  not  be  avoided,  such  as  between  the  surface 
detector  and  the  circuit,  these  leads  were  zigzagged  to  provide  some  slack. 

Complete  projectiles  were  assembled  and  the  projectile  bodies  potted 
with  Epon  815.  It  was  soon  found  that  a  solid  Epon  815  plastic  by  itself 
tended  to  be  too  brittle  for  gun  launching.  The  brittle  quality  of  the  Epon 
mix  was  reduced  substantially  by  adding  a  liquid  polymer.  Thiokol  LP-3  was 
chosen  and  used  in  a  60-40  resin  to  polymer  ratio..  Rot  only  did  the  LP-3 
make  the  plastic  more  resilient  but  it  also  inhibited  the  formation  of  internal 
stresses.  The  proportion  of  DETA  catalyst  was  kept  at  six  parts  per  hundred 
of  mix.  The  nature  of  resin-polymer  systems  has  been  investigated  by 

9 

Thiokol  Corp.  and  data  are  available  in  the  manufacturer's  private  literature. 
The  curing  process  for  Epon  815  is  exothermic  and  temperatures  as  high  as  300°P 
have  been  observed  in  500  gram  batches.  The  temperature  can  be  kept  low  by 
potting  in  stages,  a  small  amount  (say  50  -  100  grans)  at  a  time.  The 
excessive  temperatures  produced  in  potting  large  quantities  at  a  time  could 
damage  eleotronio  components  and  do  produce  bubbles  and  oavlties  In  the  final 
plastlo. 


Epon  815  LP-3  plastic  will  burn,  and  heat  shields  In  the  form  of  steel  wind¬ 
screens  had  to  be  provided  for  the  telenetwing  vehicles.  Some  projectiles  were 
of  such  a  shape  that  windscreens  could  not  be  used.  For  these,  a  fiberglass  shell 
was  developed.  The  fiberglass  was  woven  on  a  mandrel  to  the  approximate  shape  of 
the  projectile  while  being  continuously  wiped  with  epoxy  resin  according  to  a 
Naval  Ordnance  Laboratory  (NOL)  process.  The  resulting  projectile  would  not  burn 
even  at  velocities  approaching  Mach  10. 

DEVELOPMENT  OF  THE  TELEMETER 

As  soon  as  an  adequate  number  of  high  "gN  components  had  been  found  and  tested, 
work  began  on  circuit  development  and  the  fabrication  of  prototypes.  The  initial 
effort  was  put  into  the  development  of  a  temperature  sensing  telemeter  followed  by 
the  development  of  acceleration  sensing  telemeters,  vertical  probe  telemeters  and 
infra-red  sensing  telemeters. 

Temperature  Telemeter 

Sensor.  The  sensor  was  of  primary  importance  in  the  development  of  the  tempera¬ 
ture  telemeter,  since  the  circuitry  for  the  telemeter  would  certainly  be  dictated 
by  the  nature  of  the  sensing  device.  Bead  thermistors,  thermocouples  and  thin 
films  were  thought  to  be  the  most  rugged  types  of  temperature  gage.  Since  heat 
transfer  calculations  can  be  considerably  simplified  by  assuming  the  surface  to  be 
planar  and  uniform,  any  gage  which  would  appreciably  protrude  from  or  disturb  the 
surface  would  certainly  introduce  complications  in  the  calculation.  This 
immediately  ruled  out  the  use  of  bead  thermistors  and  semlcomductive  thermoelectric 
devices.  Thermocouple  gages  suffered  the  disadvantage  of  producing  low  level 
(millivolts)  signals  which  would  require  a  stage  of  amplification.  An  additional 
stage  of  amplification  would  unnecessarily  complicate  the  circuit.  So,  thin  film 
gages  were  selected  for  temperature  sensors.  The  thin  film  gage  has  the  advantage 
of  a  large  resistance  change  for  a  modest  temperature  change.  The  gage  is  usually 
less  than  one  micron  thick  and  can  be  considered  as  part  of  the  surface. 

First  attempts  to  construct  thin  film  gages  were  based  on  the  work  of  Vidal1? 

A  substrate  was  made  by  casting  Coming  No.  7050  glass  in  the  shape  of  a  bead  around  a 
parallel  pair  of  KoVar  wires.  The  oast  bead  was  oval-shaped,  about  one  inch  long  and 
about  3/8  inches  thick.  The  bead  was  cut  in  half  along  a  plane  normal  to  the  wires, 
yielding  two  substrates  per  bead.  The  flat  surface  was  then  fire-polished  and  set 
aside  to  age.  A  tig-tag  film  of  Platinum  Bright  Paint  (Banovla  05-X)  was  applied 
with  a  straight  pen  to  the  flre-pollshad  surface  between  the  two  Kovar  terminals. 
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The  entire  bead  was  baked  in  an  oven  raised  slowly  to  600°C  over  a  one  hour 
period  until  the  Platinum  solution  had  decomposed,  leaving  a  bright,  thin  film  of 
Platinum  metal  bonded  to  the  glass.  The  bond  derives  its  strength  from  the 
fact  that  the  glass  substrate  has  been  brought  to  the  softening  point  during  baking. 
The  bead  was  then  removed  from  the  oven  and  allowed  to  cool  in  air.  The  resist¬ 
ance  of  the  films  becomes  stable  after  a  week  of  aging  and  has  a  value  somewhere 
between  1000  and  2000  ohme.  Fig.  1  shews  a  sample  of  such  a  film.  Fig.  2 
illustrates  a  typical  temperature-resistance  calibration  curve  for  this  gage. 

Uhfortunately,  a  year's  experience  with  telemeters  using  this  particular 
gage  showed  that  the  gage  consistently  failed  in  flight.  There  was  no  conclusive 
way  to  determine  the  cause  of  failure  but  stresses  in  the  glass  bead  were  suspected. 
A  new  substrate  made  of  Corning  Pyroceram  No.  9606  was  tried.  Pyroceram  is  a 
dense  refractory  material  used  in  the  making  of  cooking  ware.  Although  Pyroceram 
was  difficult  to  polish,  a  thin  film  could  be  applied  to  it  after  some  mechanical 
polishing.  There  seemed  to  be  fewer  failures  with  the  Pyroceram  backed  gage  than 
with  the  glass  substrate. 

Sensors  made  of  thin  platinum  films  require  a  rigid  non-conductor  as  a  sub¬ 
strate.  Another  technique  for  applying  thin  films  which  may  be  used  on  metallic 

oxides  is  the  cathodic  sputtering  of  films  in  vacuum.  Excellent  bonds  can  be 

n  ip 

obtained  between  film  and  substrate  by  thiB  process.  ’  Cathodic  sputtering 
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has  been  used  to  make  satisfactory  high  ttg"  temperature  sensors  by  AEDC.  The 
quality  of  the  bond  depends  on  the  high  temperatures  produced  by  ion  bomberdment 
during  the  sputtering  process. 

Circuitry.  Fig.  3  shows  the  circuit  diagram  of  a  complete  temperature  tele¬ 
meter  consisting  of  sub- carrier  oscillator,  in-flight  calibrator  and  carrier 
oscillator.  The  sub-carrier  oscillator  is  a  free- running  multivibrator  with 
capacitive  coupling  feedback.  In  one  of  the  coupling  loops,  the  capacitor  is  in 
parallel  with  the  sensor.  Thus,  the  frequency  of  operation  of  the  sub-carrier 
is  dependent  on  the  resistance  of  the  sensor.  The  nominal  frequency  of  the  sub- 
carrier  oscillator  is  30kc  with  a  1000  otam  sensor  in  tbs  circuit.  An  increase  of 
1000  ohms  in  the  sensor  produces  a  frequency  change  of  about  3Gkc.  A  typical 
resistance  versus  frequency  curve  for  the  SCO  is  shown  In  Fig.  k.  After  a  number 
of  firings  with  this  circuit,  it  was  observed  that  permanent  frequency  shifts 
ranging  from  1000  to  3000  cps  occurred.  A  number  of  projectiles  without  sensors 
were  fired  to  see  whether  this  shift  was  more  or  less  constant  from  one  circuit 
to  the  next.  It  was  found  that  the  frequency  change  was  unpredictable.  Some 
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device  which  would  furnish  a  reference  frequency  in  flight  would  have  to  be 
included  in  the  circuit.  This  would  give  an  indication  of  how  great  a  shift 
of  SCO  frequency  occurred  on  any  particular  shot.  An  in-flight  calibrator  was 
designed  which  would  permit  periodic  sampling  of  first  the  sensor  resistance 
and  then  some  internal  and  presumably  unchanging  Impedance  called  the  reference 
frequency.  It  was  assumed  that  if  a  shift  of  SCO  frequency  occurred  in  flight,  it 
could  be  measured  by  comparing  the  reference  frequency  during  flight  with  the 
reference  frequency  before  flight.  The  percent  change  in  reference  frequency  could 
then  be  applied  to  the  data  as  a  correction  factor,  provided  the  changes  took 
place  over  the  linear  portion  of  the  calibration  curve.  The  in-flight  calibrator 
is  another  free-running  multivibrator  with  a  duty  cycle  of  two  milliseconds  and  is 
coupled  to  a  transistor  made  to  act  as  a  swtlch.  This  electronic  switch  is 
connected  directly  across  the  sensor  and  is  biased  near  cutoff.  A  complete  cycle 
of  operation  would  be  as  follows:  During  the  first  cycle  of  the  free- 
running  calibrator,  the  base  of  the  transistor  switch  is  held  below  cutoff  and  the 
transistor  does  not  conduct.  It  becomes,  in  effect,  an  open  circuit.  In  this 
condition,  the  SCO  sees  effectively  just  the  sensor  in  the  circuit.  On  the  next 
half  cycle  of  the  calibrator,  the  base  of  the  switching  transistor  1b  raised 
above  cutoff  and  the  transistor  conducts.  This  condition  effectively  short  circuits 
the  sensor  and  the  SCO  sees  only  a  short  circuit  where  previously  it  had  Been  the 
sensor.  The  frequency  of  the  SCO  in  this  condition  is  called  the  reference 
frequency.  Fig.  5  shows  a  typical  oscilloscope  trace  of  both  the  data  and  the 
reference  frequency  of  the  SCO.  The  in-flight  calibrator  has  been  very  valuable 
not  only  in  the  reduction  of  data,  but  also  in  the  analysis  of  sensor  failure. 

The  nominal  frequency  of  the  radio  frequency  oscillator  is  about  7Cmc  and 
was  chosen  at  that  value  since  at  the  time  it  was  at  the  upper  limit  of  opera* 
tlon  of  most  transistors.  The  subcarrier  signal  is  fed  into  the  base  of  a 
2H502  transistor  by  capacitive  coupling  and  the  signal  frequency  modulates  the 
TQmc  carrier.  The  carrier  oscillator  is  not  crystal  controlled  since  it  was  found 
that  crystals  could  not  be  internally  potted.  This  has  bean  the  most  successful 
circuit  to  date.  The  radiated  power  is  about  200  microwatts. 

Mechanical  Construction.  In  the  actual  construction  of  the  telemeter,  the 
layout  and  orientation  of  parts  is  important.  Fig  6  shows  the  components  of  the 
telemeter  and  Fig.  7  shows  a  completely  assembled  and  potted  projectile.  The 
projectile  shape  chosen  for  temperature  telemetering  was  a  reentry  vehicle,  the  OB 
type  3*1  design.  This  projectile  is  a  high  drag  shape  and  is  shown  in  Fig.  8 
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vith  Its  sabot.  This  model  measured  about  three  Inches  In  diameter  and  had  ample 
space  for  the  electronic  circuitry.  Although  space  was  not  a  major  problem  In 
this  telemeter,  every  precatuion  was  taken  to  keep  the  electronics  as  small  as 
possible,  both  from  the  point  of  view  of  minimizing  the  effect  of  acceleration 
and  for  the  experience  in  miniaturization  which  would  prove  useful  In  future 
designs.  The  antenna  was  designed  to  be  a  spiral  helix  in  order  to  get  as  close 
as  possible  to  the  conical  rear  surface  of  the  projectile.  The  windscreen  was 
made  of  nickel  plated  steel. 

Acceleration  Sensing  Telemeter 

Sensor.  The  results  of  the  CAHDE  high  "gM  program1^' ^  were  studied  and  this 
experience  was  vised  In  the  consideration  of  acceleration  sensors .  The  Columbia 
Research  Corporation  Model  312  accelerometer  was  chosen.  The  Model  512  is  a 
piezoelectric  crystal  mounted  In  a  stainless  steel  casing.  An  acceleration 
Imposed  on  the  sensor  results  In  a  signal  from  the  crystal  proportional  to  the 
magnitude  of  the  acceleration.  The  piezo  crystal  is  a  high  impedance  device  and 
is  customarily  used  to  measure  varying  acceleration.  The  crystal  will  measure 
constant  acceleration  when  coupled  to  the  input  of  a  very  high  Impedance  circuit 
such  as  a  cathode  follower.  Because  the  accelerations  to  be  measured  by  this 
crystal  would  be  changing  with  time  and  an  a.c.  signal  would  be  produced,  a 
moderately  high  Impedance  circuit  was  developed.  Millivolt  signals  were  expected 
over  a  frequency  band  from  5  •  100  cps.  The  sensor  is  mounted  with  its  sensitive 
axis  In  a  plane  normal  to  the  trajectory  of  the  projectile  and  at  some  distance 
removed  from  the  center  of  gravity.  In  such  a  location  and  orientation,  the 
sensor  will  furnish  in-flight  data  on  the  frequency  and  amplitude  of  oscillations 
of  the  shell  about  Its  center  of  gravity  and  on  the  damping  of  such  oscillations. 

Circuitry.  The  first  circuit  developed  consisted  simply  of  a  Darlington 
connection  to  act  as  an  impedance  matching  device  between  the  crystal  and  the  low 
Impedance  7Cmc  oscillator.  The  oscillator  was  frequency  modulated  directly  by 
the  varying  output  of  the  crystal  without  recourse  to  a  subcarrier  oscillator. 

Fig.  9  shows  this  circuit  schematically  and  it  is  based  on  the  original  CARDIE 
circuit  except  for  different  values  and  transistors.  The  current  circuit  employs 
a  subcarrier  oscillator  and  is  shown  in  Fig.  10.  The  input  here  is  also  a 
Darlington  connection  formed  by  transistors  Q1  and  Qg*  Qj  ia  *  pre-amplifier  to 
boost  the  low  level  signal  from  the  crystal  to  an  amplitude  which  can  be  used  to 
operate  is  used  as  a  voltage  controlled  impedance  to  frequency  modulate  the 
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subcarrier  oscillator  Q,.  and  Q,.  Q  is  the  70mc  carrier  oscillator.  The  input 
impedance  of  the  Darlington  connection  is  nominally  5  megohms  and  the  pre¬ 
amplifier  is  set  for  an  input  swing  of  0  -  10  millivolts. 

Mechanical  Construction.  An  experimental  reentry  vehicle  (RVX)  shape, 
consisting  of  a  cone-cylinder- flare  configuration,  was  chosen  for  the  acceleration 
sensing  telemeter,  and  is  shown  in  Fig.  11.  Ballast  had  to  be  added  to  the  nose 
section  in  order  to  maintain  a  forward  center  of  gravity.  A  first  attempt  to 
construct  this  shell  involved  the  use  of  epoxy  resin  but  the  resulting  shell 
burned  freely  and  broke  up  at  high  accelerations.  The  final  construction  tech¬ 
nique  used  woven  fiberglass  and  provided  a  strong  vehicle  unaffected  by  the  high 
temperatures  produced  in  flight. 

Vertical  Probe  Telemeter 

Both  BRL  and  McGill  University  have  been  using  conventional  or  slightly 

modified  artillery  at  high  angles  of  elevation  in  order  to  launch  research  probes 

into  the  upper  atmosphere.1^  BRL  has  fired  a  number  of  such  probes  in  the  last 
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two  years.  Altitudes  exceeding  250,000  feet  have  been  achieved.  After  the  high 
altitude  capability  of  the  BRL  guns  had  been  demonstrated,  it  became  necessary  to 
Instrument  the  vertical  probe  vehicles  to  obtain  data  on  the  upper  atmosphere. 

The  high  "g"  program  was  expanded  to  include  the  development  of  a  high  power 
transmitter  with  associated  circuitry  to  transmit  data  from  high  altitudes  back 
to  ground  receiving  stations.  In  the  vertical  probe  guns,  much  lower  "g"  loads 
could  be  anticipated  than  in  horizontal  high  velocity  firings.  Nominally,  the 
BRL  5- inch  gun  would  produce  no  more  than  60,000  "g"  for  a  muzzle  velocity 
of  about  55OO  feet  per  second.  The  McGill  16-inch  gun  at  Barbados  has  even  lower 
"g"  loads  of  approximately  10,000  "g" . 

Sensors .  At  the  outset  of  the  vertical  probe  program,  no  sensors  for  the 

measurement  of  upper  atmosphere  parameters  were  avilable.  It  was  decided  that 
interior  temperatures  of  the  shell  would  be  useful  data  and  would  provide  the 
program  with  a  measurement  objective.  Later  in  the  program,  attention  was  given 
to  the  development  of  sensors  to  measure  skin  temperatures,  free  air  temperatures, 
electron  densities,  radiation  and  other  measureables  of  the  atmosphere.  In  order 
to  monitor  interior  shell  temperatures,  a  bead  thermistor  made  by  Oulton  Industries 
(Type  lflCBl)  was  chosen.  The  thermistor  had  a  nominal  resistance  of  10,000  ohms. 

It  was  placed  in  the  Instrument  comportment  of  the  shell  and  provided  data  which 
could  be  used  to  determine  whether  the  Instrument  compartment  ever  reached 
significantly  high  temperatures . 
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Circuitry,  Work  was  done  on  circuit  development  both  at  Harry  Diamond 
Laboratories  (HDL)  and  at  Airborne  Instruments  Laboratory  (AIL)  under  separate 
contracts.  The  Initial  HDL  circuit  Is  shown  In  Fig.  12.  The  carrier  oscillator 
developed  for  the  temperature  telemeter  was  Improved  and  a  power  amplifier  was 
added  to  give  Increased  power  output.  The  subcarrier  was  made  from  a  uni- junction 
transistor  which  acts  as  an  audio  oscillator  at  a  nominal  value  of  30kc.  This 
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circuit  Is  described  by  Stutzke.  The  power  amplifier  was  capable  of  150 
milliwatts  Into  a  50  ohm  load  at  70mc.  Due  to  poor  antenna  efficiency,  only 
about  20  milliwatts  of  radiated  power  (with  respect  to  a  standard  dipole)  was 
achieved.  In  order  to  boost  the  radiated  power,  a  second  power  amplifier  was 
added  and  the  resulting  circuit  is  shown  In  Fig.  13*  This  circuit  was  capable  of 
delivering  500  milliwatts  Into  a  50  ohm  load  and  the  radiated  power  Increased  to 
100  milliwatts.  A  number  of  the  second  variety  circuits  were  built  and  tested 
for  radiated  power.  The  variation  In  power  output  from  one  measurement  to  the 
next  was  so  marked  that  this  scheme  of  simply  adding  power  amplifiers  was. 
abandoned  in  favor  of  using  the  higher  power  transistors  which  had  then  become 
available.  Work  is  currently  In  process  of  a  25Cmc  transmitter  capable  of  ' 
delivering  2  watts  into  a  50  ohm  load.  Fig.  14a  shows  the  components  of  the 
telemeter  before  and  after  potting.  Fig.  14b  shows  the  complete  probe. 

Antenna.  It  was  decided  to  use  the  body  of  the  shell  as  an  antenna.  The 
nose  cone  Is  separated  from  the  body  by  a  fiberglass  washer,  thus  creating  an 
asymmetrical  dipole.  The  output  of  the  7Ctoc  power  amplifier  is  developed  across 
the  gap  created  by  the  washer.  A  loading  coil  Is  placed  In  the  antenna  coupling 
line  In  order  to  match  Impedances  between  amplifier  and  antenna.  A  tuning  slug 
was  included  In  the  coil  to  provide  a  capability  for  fine  tuning  the  Impedance 
match.  The  radiation  pattern  was  essentially  dipole.  Despite  the  use  of  a  loading 
coil,  the  efficiency  remained  poor.  This  type  of  antenna  Is  problematical  for 
gun  launched  projectiles  since  small  changes  In  the  dimensions  of  the  gap  or  changes 
In  the  dielectric  filling  the  gap  seriously  affect  the  power  transmitted.  Such 
changes  are  not  unreasonable  when  gun  launch  accelerations  are  considered.  The 
small  dimensions  of  the  present  vertical  probe  body  (2  l/2  Inches  in  diameter) 
preclude  the  use  of  other  types  of  antenna  at  JOac. 

The  ground  Station 

A  ground  receiving  and  recording  station  was  set  19  close  by  the  horizontal 
range.  The  station  is  shown  schematically  In  Fig.  15,  and  consists  of  a  series  of 
antennas  feeding  into  FM  receivers  which  in  turn  are  coupled  to  a  magnetic  tape 
recorder.  A  long  wire  transmission  line  antenna  was  tried  with  the  horizontal 
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firings,  but  did  not  prove  as  satisfactory  as  a  series  of  dipoles  spaced  along  the 
flight  path.  Nems  Clarke  type  1501A  PM  receivers  vere  used  to  pick  tqp  the  signal 
from  the  antennas  and  demodulate  the  FM  carrier.  The  receiver  video  outputs  vere 
connected  to  an  Ampex  FR100,  direct  record,  magnetic  tape  machine  and  the  FM 
subcarrier  signal  was  recorded  directly  on  tape.  In  addition  to  the  data  frequency, 
a  standard  frequency  from  a  signal  generator,  a  time  aero  pulse  and  a  timing  signal 
vere  recorded  on  separate  channels.  The  standard  frequency  was  needed  for  data 
reduction  and  to  obviate  the  need  for  knowing  the  tape  vow  and  flutter  accurately. 
The  time  zero  pulse  vas  obtained  from  the  gun  firing  circuit  and  gave  an  absolute 
reference  point  in  time.  The  1501A  receiver  had  a  300kc  bandwidth  purposely  chosen 
so  large  because  of  uncertainties  in  the  frequency  stability  of  the  70mc  oscillator. 
More  recently,  some  Nems  Clarke  model  1037A  receivers  have  been  obtained  for 
the  vertical  probe  ground  station  and  these  receivers  have  excellent  sensitivity 
in  addition  to  variable  bandwidth.  During  a  firing,  the  Ampex  tape  recorder  is 
run  at  60  lps  and  later  played  back  at  1  7/3  ips  into  an  oscillograph  recorder. 

The  final  graphic  recording  contains  the  data  frequency,  the  standard  frequency 
and  the  time  zero  and  timing  channels.  Data  is  reduced  by  comparing  the  data 
frequency  with  the  standard  frequency. 

The  ground  equipment  for  monitoring  vertical  shots  was  essentially  the  same 
as  that  for  horizontal  firings.  High  gain  YagL  antennas  were  used  in  the  70mc 
band  and  helices  will  be  used  at  2^0mc. 


RESULTS 

Temperature  Telemeter 

A  number  of  firings  vere  accomplished  during  the  development  program  of  the 
past  three  years.  Each  model  fired  vas  a  prototype,  and  singular  rather  than 
statistical  data  are  available.  After  each  prototype  firings,  results  vere 
analyzed  and  improvements  included  in  subsequent  models. 

V 

The  first  projectiles  fired  contained  subcarrier  oscillators  and  radio 
frequency  oscillators,  without  sensors  on  board.  These  tests  consisted  of  simple 
observations  of  the  in-flight  subcarrier  frequency  to  determine  circuit  behavior 
and  stability.  After  these  initial  tests,  sensors  vere  Included  and  data  vas 
sought.  Table  I  gives  a  susmary  of  the  firing  program.  Table  II  provides  a 
commentary  on  Table  I,  Indicating  probable  causes  of  failure.  A  total  of  twenty- 
nine  telasMterlng  projectiles  vere  delivered  by  HDL  during  the  program.  Five  of 
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these  became  Inoperative  on  the  shelf,  probably  because  of  battery  or  transistor 

failure.  These  five  were  early  models  and  the  shelf  life  has  been  extended  in 

later  models.  Twenty- four  models  were  fired  in  the  Transonic  Range.  Of  these, 

twenty  carrier  oscillators  survived  and  signals  were  picked  up  by  the  FM  receivers. 

Nineteen  subcarrier  oscillators  functioned  and  the  signals  were  recorded  on  tape. 

Accelerations  in  the  gun  ranged  from  167>000  to  266,000  "g"  with  velocities  from 

5800  to  8300  feet  per  second.  In  five  cases,  no  signals  were  recorded  and  of 

these,  four  models  hit  the  protective  blast  shield  In  front  of  the  range.  Tbe 

remaining  failure  occurred  after  the  model  had  been  turned  on  for  an  hour  and  a 

half  in  subzero  weather.  (It  was  Jammed  in  the  gun.)  Of  the  fifteen  projectiles 

with  sensors  on  board,  only  two  gave  reasonable  data.  Nine  of  the  sensors  broke 

on  launch  and  the  four  other  circuits  drifted  considerably  during  flight.  The 

final  shot  of  the  program  (SC  19)  gave  excellent  temperature  data.  The  results 

of  this  shot  are  shown  in  Fig.  16  in  the  form  of  a  temperature- time  history. 

Unfortunately ,  the  channel  containing  the  first  down  range  antenna  was  excessively 

noisy  and  early  flight  data  could  not  be  obtained.  Thus,  the  data  record  begins 

at  T  +  80  mllllsec.  The  data  points  are  compared  with  a  curve  obtained  from 
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an  empirical  relation  of  AVCO.  A  discussion  of  the  theoretical  considerations 
leading  to  the  use  of  the  AVCO  empirical  relation  for  heat  transfer  is  presented 
in  the  Appendix.  The  two  curves,  experimental  and  quasi- theoretical,  agree  quite 
well  in  slope  and  are  within  1 %  in  amplitude. 

Fig.  17  shows  a  smear  photograph  of  a  telemetering  projectile  in  flight. 

The  sabot  has  separated  and  the  fragments  are  traveling  symmetrically  some  distance 
behind  the  model.  At  higher  velocities,  the  sabot  fragments  will  burn,  as  seen 
in  Fig.  18.  Good  sabot  separation  helps  insure  that  the  model  will  enter  the  range 
and  not  hit  the  blast- protecting  shield  in,  front  of  the  range.  At  extremely  high 
velocities,  the  steel  windscreen  itself  would  become  hot  enough  to  glow. 

Fig.  19  shows  a  subcarrier  signal  from  one  of  the  early  prototypes  in  flight. 
Both  pre-shot  and  in-flight  signals  are  shown.  As  seen  in  the  figure,  the  early 
model  subcarrier  signals  suffered  substantial  distortion  after  launch.  By  contrast, 
Fig.  20  shows  the  subcarrier  signal  from  a  later  model  during  flight.  The  signal 
shown  here  is  free  from  distortion  and  poise.  Finally,  Fig.  21  shows  an  oscillo¬ 
gram  of  the  in-flight  calibrator  in  operation  during  a  shot.  Two  distinct 
frequencies  of  the  subcarrier  are  observed. 
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It  has  been  pointed  out  that  the  3.1  vehicle  Is  a  high  drag  shape.  Often 
after  a  firing  It  was  possible  to  walk  downrange  and  pick  up  the  telemeter  which 
was  lying  on  the  ground.  In  many  cases,  it  was  still  transmitting. 

Acceleration  Sensing  Telemeter 

The  RVX  shape  chosen  for  acceleration  telemetry  was  built  up  as  an  all 
plastic  model  in  order  to  transmit  from  it.  A  number  of  dummy  models  vere 
fabricated  from  Epoxy/LP-3  mix  and  flown  in  the  range.  These  projectiles  In¬ 
variably  broke  up  on  leaving  the  gun.  The  next  approach  was  to  construct  several 
different  types  of  fiberglass  bodies.  Only  the  roven  fiberglass  mentioned  earlier 
survived.  Several  of  these  roven  fiberglass  rounds  were  tried  out  of  the 
240-176- 76mm  light  gas  gun  and  they  performed  satisfactorily.  In  the  meantime, 
a  number  of  active  circuits  were  developed  and  flown  with  no  results.  Work  still 
continues  on  the  circuit  development.  Table  III  summarizes  the  results  of 
firing  acceleration  sensing  telemeters. 

Fig.  22  is  a  photograph  of  the  breakup  of  sue  all  Epoxy/LP-3  dummy  model. 

The  ballast  slug  can  be  clearly  seen  flying  by  itself.  Fig.  23  shows  the  flights 
of  three  different  types  of  fiberglass  models. 

Vertical  Probe  Telemetry 

The  results  of  vertical  firings  of  the  Bame  telemetry  probe  have  been 
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reported  by  Marks  and  Boyer.  The  only  successful  firing  of  this  HDL  package 

has  been  in  a  horizontal  test  through  the  Transonic  Range.  The  vertical  firings 

Involved  telemeters  of  substantially  lower  output  than  desired  and  no  signals 
§ 

were  picked  up.’ 


CONCLUSIONS 

It  has  been  demonstrated  that  functional  electronic  circuits  can  be  built 
and  hardened  to  survive  the  high  accelerations  experienced  in  hypervelocity  gun 
launches.  Data  has  been  obtained  from  high  velocity  firings.  Improvements  in 
stability,  power  and  accuracy  are  well  within  the  capabilities  of  the  state  of 
the  art.  The  area  requiring  greatest  effort  Is  sensor  development.  With  slight 


* - 

In  January  1964,  2 5 Cmc  telemetery  units  built  by  HDL  and  Computing  Devices  of 
Canada  (CDC)  were  fired  from  the  HARP-McOlll  16  inch  gun.  Two  of  the  CDC  units 
were  successfully  launched  and  transmitted  some  signals.  In  Mar  he  1964  HDL 
built  250111c  telemeters  were  successfully  launched  from  the  HARP  3  inch  gun  and* 
transmitted  good  signals. 
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Improvements  In  circuitry  and  with  Improved  sensors,  It  Is  felt  that  the  high 
"g"  telemeter  will  become  a  valuable  Instrument  for  use  In  reentry  experiments 
In  the  BRL  hypervelocity  ranges. 
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Quasi- theoretical  calculations  of  expected  in-flight  nose  tip  tenperatures 
were  made  in  order  to  determine  whether  the  temperature  data  obtained  from 
projectile  SC  19  were  reasonable  or  not.  These  calculations  proceeded  from 
certain  simplifying  assumptions  regarding  the  sensor  substrate  and  a  suitable 
solution  of  the  heat  equation  at  the  boundary. 

The  glass  bead  substrate  was  considered  as  a  homogeneous  semi-infinite  solid 
with  coefficient  of  thermal  conductivity  k.  The  heat  conduction  process  is  then, 
one  dimensional  and  the  heat  equation  is  written 

ar(x,t)  -  k  (1) 

3S  dx2 

where  x  is  the  distance  into  the  solid  from  the  front  surface,  T(x,t)  is  the 
temperature  along  x  at  any  time  t,  and  k  ■  K  where  X  is  the  thermal  dlffuslvity 
and  C  is  the  specific  heat.  ^ 


X 


The  general  solution  of  the  heat  equation  for  steady  state  conditions  is 


T  (x,t) 


0 

■  rc 


-x 


(2) 


where  is  a  constant  representing  the  heat  transferred  per  unit  surface  area 
and  unit  time,  and  where  erfc  is  the  complementary  error  function  defined  by 


erfc  (\) 


dy. 


In  the  case  of  a  body  moving  with  variable  velocity,  the  heat  input  is  no 
longer  constant  (0q  /  constant)  and  the  above  solution  (2)  is  no  longer  exact. 
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Let  us  approximate  the  case  of  varying  heat  Input  with  a  heat  Input  which  Is 
piecewise  constant  over  short  enough  time  Intervals  to  be  a  reasonable 
approximation  of  the  true  Input  function. 


tions  obtained  from  successive  different  constant  heat  Inputs.  Let  us  examine 

the  details  of  this  approximation.  Define  the  Initial  temperature  for  the  solid 

as  T  and  define  a  function  T,  for  the  interval  0  <  t  <  t,  so  that 
o  l  l 

Tx  (x,o)  -  Tq  #  (3) 

For  a  semi- infinite  solJ.d 

lim  Tx  (x,t)  -  Tq  ,  {k) 

X  H  « 


or,  the  temperature  of  the  solid  at  great  distances  from  the  surface  1b  the 
Initial  temperature  for  all  times. 

Write  that 


0 

ro 


ar,(x,t) 

*sr- 


X 


o 

I 


(5) 


which  states  that  the  heat  flux  per  unit  area  and  time  during  the  Interval 
0  <  t  <  t^  is  constant  at  the  free  surface  of  the  solid. 

Thus,  for  x  -  o 

(o,t)  - 2  Jr  $ +  To  •  (6) 


28 


Consider  now  the  next  interval  of  time  t1  <  t  <  tg.  Define  a  function  T  (x,t) 
so  that 


* 

C, 


$(x,t) 
ax  • 

■  0  +0..  ■  C, 
x  ■  o  ro  rl  1  • 

1 

1 

t 

t 


(7) 


The  new  function  T  (x,t)  will  in  general  be  different  from  T  (x,t)  and  takes  into 
account  the  heat  input  history.  This  new  function  must  also  decay  to  Tq  at 
large  x: 


Now,  define 


where 


lim  T  (x,t>  -  T  > 
x  -*» 


T  •  (Ti  +  T0)  +  T2  f 

Tx  -  Tl  (x,t) 

T2  “  T2  (*>  t-tx)  . 


(8) 

(9) 

(10) 


Then, 


k  gtx’t) 


r  &r,(x,t) 
1 ST 


+  Tg(x,t-ti) 


X  ■  o 


] 


or,  by  comparison  with  (7) 


&r2(x,t-ti) 

k  Sc- 


oi) 
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Define 


Then, 


and  Tg  Is 
Hence 


(a)  T2(x,  t-tL)  -  0  for  t-tx  <  0  , 

(b)  T2(o,o)  -  Tx  , 

(c)  11a  T2(x,  t-tj)  -  TQ  . 

X  -»« 

T2(o,  t-tl) 

also  a  solution  of  the  heat  equation  at  the  boundary  x  ■  0. 

T  ■  T.  +  T«  +  T 
1  e  O 


Is  Indeed  a  solution  of  (l). 
Generalizing,  we  write 


and 


or, 


n 

T-I>i , 

1*0 

n  n-1 

°u-l  *l+*n 
1*0  1*0 

a-£h  . 

1*0 


(12) 


(13) 


(1*0 


Thus, 


T 


2 

K 


n*o 
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and,  since 


have 


Finally, 


n-1 


*o  ■  *»• 

K  ■  °i  -  K< 

02  "  C2  "  ^1  "  ^1  "  C2  ‘  °i' 

0  -  C  -  C 
*n  n  n-1 


*-§£  y 

nro  ■  •• 


(15) 


becomes  the  formula  for  computing  the  boundary  (nose  tip)  temperature  at  any  time 

t.  If  K  and  k  are  known  for  the  particular  substrate  material,  only  0  need  be 

specified  to  perform  the  calculation.  An  empirical  formula  for  0  at  the  stag- 

19 

nation  point  of  a  sphere  was  obtained  by  R.  W.  Detra  and  H.  Hidalgo  of  AVCO 
and  was  applied  to  this  calculation: 


where 


0^-865 


(  v  \  3  ’15  /*£ 

w/  Jz 


H  -h 
s  v 


p  ,  ra 

Hsl  s  w 


300 


nose  radius  of  a  sphere,  ft. 

in  flight  velocity,  ft. /sec. 

mass  density  of  the  free  stream  air 

mass  density  of  air  at  sea  level 

total  enthalpy 

enthalpy  of  the  nose  wall 

Initial  enthalpy  of  the  nose  wall 


(16) 
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Since  the  noee  tip  le  flat  and  not  spherical,  an  effective  nose  radius,  , 

was  used.  R  was  taken  from  an  article  by  J.  C.  Bolaon  and  E.  A.  Curtiss 
20  eIT 

of  AVCO  which  accounts  for  the  variation  In  bluntness  from  a  sphere.  For 
this  nose  tip,  Reff  -  0.845.  For  our  calculation  pw  *  p  and  if  an  ideal 
gas  was  assumed, 


T  -T 
_b  v 

nr 

B  w 


300 


(17) 


To  begin  the  calculation,  it  was  assumed  that  T  ■  T  Initially.  0  was 

then  calculated  in  (17)  a nd  used  in  (15)  to  g:  e  T*  over  the  initial  time  Interval 

"t-t^.  This  T*  was  then  used  in  (17)  as  to  give  a  new  01  for  the  interval 

tg-ti*  0q  and  were  then  used  to  compute  a  new  T*  for  tg-t. .  The  calculation 

then  proceeded  in  similar  fashion  through  the  entire  flight  history  of  the 
shot. 
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Type  Velocity  Acceleration  Transmitter  SCO 


TABLE  II 


(1)  The  model  jammed  while  being  loaded  into  the  gun.  After  an  hour  and  a 
half  in  freezing  weather,  it  was  finally  fired  but  did  not  function.  Tests 
have  shown  that  batteries  become  inoperative  below  40°F. 

(2)  Only  the  shell  primer  functioned  and  generated  sufficient  gun  chamber 
pressure  to  launch  the  model  340  feet  into  the  range.  The  model  was  recovered  and 
fired  again. 

(3)  The  second  firing  of  the  No.  3E  round. 

(4)  The  SCO  signal  was  noisy  and  distorted  during  flight. 

(3)  Substantial  drift  of  SCO  frequency  during  flight.  More  than  can  be 
accounted  for  by  temperature  sensor  changes  alone. 

(6)  Bad  launch  from  the  gun.  Model  hit  the  blast- protecting  shield  in  front 
of  the  range. 

(7)  Sensor  open- circuited  in  flight. 

(8)  This  model  had  an  in-flight  calibrator  on  board. 
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TABLE  III 


Round 

Type 

Velocity 

(fpa) 

Acceleration 

(V) _ 

Electronics 

Remarks 

6004 

Epoxy  Type  A 

# 

161,000 

- 

Failed 

6005 

Epoxy  Type  A 

*  ' 

92,000 

- 

Failed 

6075 

Epoxy  Type  B 

* 

170,000 

- 

Failed 

6077 

Epoxy  Type  B 

* 

153,000 

- 

Failed 

6099 

Fiberglass  B 

8ooo 

161,000 

- 

Survived 

6100 

Fiberglass  C 

8200 

160,000 

- 

Survived 

6101 

Fiberglass  A 

8200 

150,000 

- 

Failed 

6166 

Fiberglass  C 

7400 

143,000 

- 

Survived 

6167 

Fiberglass  C 

0000 

203,000 

- 

Survived 

6225 

Fiberglass  C 

8000 

183,000 

Yes 

Bit  blast  shield 

6226 

Fiberglass  C 

7600 

172,000 

Yes 

Hit  blast  shield 

6302 

Fiberglass  C 

6850 

135,000 

Yes 

No  signal 

4-19 

Fiberglass  A 

6600 

** 

as 

Failed 

4-21 

Fiberglass  B 

6400 

** 

- 

Failed 

4-22 

Fiberglass  C 

6250 

*# 

Survived 

Velocity  could  not  be  obtained  since  the  projectile  broke  up  on  launch. 

**  These  models  were  fired  from  the  240-176- 76mn  light  gas  gun*  No  chamber 
pressure  data  were  available  and  "g"  loads  could  not  be  computed. 
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Fig.  1.  A  chemically  deposited  platinum  thin  film  temperature  sensor. 


1 1 1 1 1 1 1 1 1 II I II II  t 


Fig.  5*  The  lower  trace  shows  data  and 

reference  frequency  with  the  sensor 
at  ambient  conditions.  The  upper 
trace  shows  the  change  of  frequency 
I  produced  by  a  change  in  the  sensor. 

i 

( 

i 
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Fig.  7.  Completely  potted  temperature 
sensing  telemeter  assembly. 
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pig.  8.  Temperature  telemeter  with  sabot. 


ACCELEROMETER  TELEMETER  CIRCUIT- FM/FM  SYSTEM 


4f> 


Fig.  11.  Experimental  Reentry  Vehicle  (RVX) 
Shape  for  Acceleration  Sensing 
Telemetry  -  Shown  with  sabot. 


70mc  VERTICAL  PROBE  TELEMETER -FM/FM  SYSTEM 
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Fia  12 


70  me  HI6H  POWER  VERTICAL  PROBE  TELEMETER 

FM/FM  SYSTEM 


kB 


FIS.  IS 


SCHEMATIC  OF  RANGE  GROUND  STATION 
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FIG.  15 


TIME  m  FLIGHT  (Stc) 


Fig.  17  (Top)  Temperature  telemeter  in 

flight  about  50  feet  from  the  gun 
muzzle,  b.  (Bottom)  Telemeter  at 
about  60  feet  from  muzzle. 


•* 
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simultaneously . 


Fig.  20  Oscillograph  recording  of  the  sub¬ 
carrier  signal  from  a  model  in  flight. 
The  upper  trace  is  a  reference  signal 
and  the  lower  trace  is  the  time  zero 


Fig.  21.  Oscillograph  recording  o?  the  : 

flight  calibrator  in  operation 
during  a  shot. 
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U.  S.  Naval  Ordnance  Laboratory 
ATTN:  Mr.  M.  J.  Parker 
Dr.  Paul  Thurston 
White  Oak 

Silver  Spring,  Maryland  20910 

2  Commander 

U.  S.  Naval  Weapons  Laboratory 
ATTN:  Dr.  Kemper 

Mr.  David  Sloan 
Dahlgren,  Virginia  22448 

1  Chief  of  Naval  Research 
ATTN:  CODE  427 
Department  of  the  Navy 
Washington,  D.  C.  20360 

1  Director 

U.  S.  Naval  Weather  Service 
Office  of  the  U.  S.  Weather 
Service 

U.  S.  Naval  Station  (Washington 
Navy  Yard  Annex) 

Washington,  D.  C. 

1  Officer-in-Charge 

U.  S.  Naval  Weather  Research 
Facility 

U.  S.  Naval  Air  Station 
Bldg.  R28 

Norfolk  11,  Virginia 


No.  of 

Copies  Organization 

1  Commanding  Officer 

U.  S.  Naval  Air  Development  Center 
ATTN:  Mr.  S.  J.  Grillo  EDE-6 
Johnsville,  Pennsylvania  18974 

1  Naval  Research  Laboratory 
Astrophysics  and  Atmosphere 

Division 

ATTN:  Dr.  Phillip  Mange 
Washington,  D.  C.  20390 

2  AFCRL 
ATTN:  CRXL 

CRZW 

Bedford,  Massachusetts  01731 
1  AFMDC 

Holloman  AFB,  New  Mexico 

1  AFCRL 

ATTN:  Dr.  Wolfgang  Pfister 
L.  G.  Hanscom  Field 
Bedford,  Massachusetts  01731 

2  APGC  (PGBAP-1,  PGW) 

Eglin  AFB,  Florida  32542 

1  AFWL  (WLL) 

KLrtland  AFB,  New  Mexico  87117 

1  AFWL  (WLRS) 

ATEN:  Mr.  Palmer  Dyal 
Kirtland  Air  Force  Base 
Albuquerque,  New  Mexico  87II7 

1  AWS  (awsss/tipd) 

Scott  AFB,  Illinois  62224 

1  AFMTC 

Patrick  AFB,  Florida 
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1  The  Rand  Corporation 

ATTN:  Dr.  W.  W.  Kellogg 

Dr.  Richard  Holbrook 
1700  Main  Street 
Santa  Monica,  California  90406 

1  Scientific  &  Technical 
Information  Facility 
ATTN:  Mr.  John  Nicolaides 
P.  0.  Box  5700 
Bethesda,  Maryland  20014 

1  NASA  Goddard  Space  Flight  Center 
ATTN:  Mr.  Larry  Brace 
Greenbelt,  Maryland 

1  NASA  Goddard  Space  Flight  Center 
ATTN:  Mr.  Karl  Medrow,  Space 
Science  Division 
Greenbelt,  Maryland 

1  NASA  Facility 

ATEN:  Mr.  Robert  L.  Krieger 
Wallops  Island 
Temperanceville,  Virginia 

1  Director  of  Meteorological 

Systems 

Office  of  Applications  (FM) 
National  Aeronautics  &  Space 
Administration 
Washington  25,  D.  C. 

2  Commanding  General 

U.  S.  Army  Natrick  Laboratory 
ATM:  Earth  Sciences  Division 
Natick,  Massachusetts  OI762 

1  National  Bureau  of  Standards 
Ionospheric  Research  and 
Propagation  Laboratory 
ATM:  Mr.  Thomas  N.  Gautier, 
Assistant  Chief 
Boulder,  Colorado 


2  Chief,  U.  S.  Weather  Bureau 
ATTN :  Librarian 
Washington,  D.  C.  20000 

1  Director 

Atmospheric  Sciences  Programs 
National  Science  Foundation 
Washington  25,  D.  C. 

1  Director 

Bureau  of  Research  &  Deve  .opment 
,Federal  Aviation  Agency 
Washington  25,  D.  C. 

1  Director 

Bureau  of  Research  &  Development 
Federal  Aviation  Agency 
National  Aviation  Facilities 
Experimental  Center 
ATTN:  Technical  Library  Bldg.  3 
Atlantic  City,  New  Jersey 

1  U.  S.  Atomic  Energy  Commission 
Division  of  Biology  and  Medicine 
ATM:  Chief,  Fallout  Studies  Branch 
Washington,  D.  C.  20545 

2  Commander 

Arnold  Engineering  &  Development 
Center 

ATTN:  J.  Lukasiewicz,  VKF 
P.  L.  Clemens,  VKF 
Tullahoma,  Tennessee 

1  Office  of  Aerospace  Research 
ATM:  RR  OS-1 

T-D  Building 
Washington  25,  D  C. 

1  Electro-Optical  Systems,  Inc. 

ATM:  Dr.  Henry  L.  Richter,  Jr. 

300  N.  Halstead  Street 
Pasadena,  California 
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1  Metorological  Development  Lab. 

ATTN:  Mr.  Norman  Sissenwine 
IO65  Main  Street 
Waltham,  Massachusetts 

1  Thiokol  Corporation 

Astro-Meteorological  Systems 
ATTN:  Mr.  Gil  Moore 
331+0  Airport  Road 
Ogden,  Utah 

1  Ionospheric  Research  Laboratory 
ATTN:  Professor  A.  H.  Waynick 
University  Park,  Pennsylvania 

1  Cornell  University 

School  of  Electrical  Engineering 
ATTN:  Dr.  Gian  Carlo  Rumi 
Ithaca,  New  York 

1  University  of  Illinois 
Department  of  Electrical  Engineering 
ATTN:  Dr.  Sidney  Bowhill 

Urbana,  Illinois 

2  McGill  Uhiversity 
ATTN:  Dr.  G.  V.  Bull 

Mr.  Selwyn  Bell 
Montreal,  Quebec,  Canada 

1  Harvard  College  Observatory 
ATTN:  Mr.  R.  E.  McCrosky 
Cambridge  38,  Massachusetts 


4  Australian  Group 

c/o  Military  Attache 
Australian  Embassy 
2001  Connecticut  Avenue,  N.  W. 
Washington,  D.  C.  20008 

10  The  Scientific  Information  Officer 
Defence  Research  Staff 
British  Embassy 

3100  Massachusetts  Avenue,  N.W. 
Washington,  D.  C.  20008 

T  Defence  Research  Member 
Canadian  Joint  Staff 
2450  Massachusetts  Avenue,  N.W. 
Washington,  D.  C.  20008 

Of  Interest  to: 

CARDE 

Mr.  B.  Cheers 
Mr.  E.  Greenwood 
Mr.  George  Tidy 

Aberdeen  Proving  Ground 
Chief,  TIB 

Air  Force  Liaison  Office 
Marine  Corps  Liaison  Office 
Navy  Liaison  Office 
CDC  Liaison  Office 

D  &  PS  Branch  Library 
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